4
|
|
}

oy

WALS317O¢

DACS DATA COMPENDIUM SERIES
NASA/SEL SOFTWARE DEVELOPMENT DATA
AprIL 1981

PSP S Y

DTIC

MNELECTE
W AUG 5 -
. ,.) (- R a 1983 3
This decument has been approved Wi /

foe public release and sale; its
distribution is unlimited. E

Data & Analysis Center for Software >

88 07 12 n87

OTIC FILE copy




The information and data contained herein have been
compiled from government and nongovernment technical
reports and are intended to be used for reference purposes.
Neither the United States Government nor IT Research
Institute warrant the accuracy of this information and data.
The user is further cautioned that the data contained herein
may not be used in lieu of other contractually cited
references and specifications.

Publication of this information is not an expression of the
opinion of The United States Government or of OIT Research
Institute as to the quality or durability of any product
mentioned herein and any use for advertising or promotional
purposes of this information in conjunction with the name of
The United States Government or IIT Research Institute
without written permission is expressly prohibited.




SECURITY CLASSIFICATION OF THIS PAGE (When l)aluj[‘fnrwvd)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPQRT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENTY'S CATALOG NUMBER
DC-1
4. TITLE (and Subtitle) 5 TYPE OF REPORT & PERIOD COVERED
DACS DATA COMPENDIUM SERIES Interim Report
NASA/SEL SOFTWARE DEVELOPMENT DATA Nov. 80 - April 81
6 PERFORMING ORG. REPORT NUMBER
~ N/A
7. AUTHOR'sS) 8. CONTRACT OR GRANT NUMBER/
Christopher Turner
Gary Caron F30602-~78-C~0255

Gineen Brement

10. PROGRAM ELEMENT PROJECT TASK

9 PERFORMING ORGANIZATION NAME AND ADDRESS
AREA & WORK UNIT NUMBE RS

Data & Analysis Center for Software

RADC/ISISI
Griffiss AFB, NY 13441
1. CONTROLLING OFFICE NAME AND ADDRESS 12 REPORT DATE
Rome Air Development Center (COEE) April 1981
Griffiss AFB, NY 13441 13, NUMBgER OF PAGES
10
14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15, SECURITY CL ASS. rof this repoart®
NCLASSIFIED
Same L@'E. UDECLASS_IFICATION DOWNGRADING |
SCHEDULE

N/A

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Rlock 20, if different from Report)

Same

18. SUPPLEMENTARY NOTES Avai 'lab]e f‘rom.
RADC Project Engineer:John Palaimo (COEE) L
DACS Source Code No. 413570 para 8 jaalysis Center for Software

Cost: $10.00 Griffiss AFB, NY 13441

19. KEY WORDS (Continue on reverse s:de if necessary and identify by block number)
Software Engineering
Software Experience Data
Computer Software
Data Collection
Data Repository

L

ghfgstnﬁskcgr{émg'?"a""ﬁgﬁ'ﬁe'a"s"e"ﬁé’?'éf'ddg'f'a”yphﬁg'l"f'ésuf"ff)%s dealing with software de-
velopment data and its use to predict software cost and reliability in future
software design, development, testing and maintenance efforts. This DACS com-
pendium provides specific information on 29 software development projects moni-
tored by NASA/SEL during the 1976-1977 time frame. This information includes:
descriptions of data collection techniques, statistical and graphical data sum-
maries, analysis of data quality and completeness and a discussion of the poten-

tial application of the data in statistical and modelling studies. This DEE§

—c
DD 'j?:’ti ]473 EDITION OF 1 NOV 6515 OBSOLETE \ - (Eve

( SECURITY CLASSIFICATION OF THIS PAGE (When Data Entéred)

e 4

T aiwTes



e
T ny
™. CURITY CLASSIFICATION OF THIS PAGE(Whan Date Entered)

om?gndi_um does not include exhaustive listings of dataset contents; these kinds
of listings are available from the DACS in hard copy or machine readable format,

R

S A

- e e g

a

e

PP s

l SECURITY CLASSIFICATION OF Tu'c PAGE(When Date Entered)




i
|
!
!
i

‘ D ACS Data & Analysis Center for Software
AN INFORMATION ANALYSIS CENTER

DACS DATA COMPENDIUM SERIES

NASA/SEL SOFTWARE DEVELOPMENT DATA

ApriL 1981
BY:

o e

CHRISTOPHER TURNER 7o mt-n v |
GARY CARON R A ‘

| o

GINEEN BREMENT , pwoel!

‘ H0.29 ‘.

UNDER CONTRACT TO: | 2 /'
ROME AIR DEVELOPMENT CENTERJ_.S._L. —_

GRIFFISS AFB, NY 13441 K )

ORDERING REFERENCE: DC-1

Ewy

i

TR

.,




DACS tTHe Data & Analysis Center for Software

IS AN INFORMATION ANALYSIS CENTER, OPERATED BY IIT RESEARCH INSTITUTE

UNDER CONTRACT TO THE ROME AIR DEVELOPMENT CENTER, AFSC.

The Data & Analysis Center for Software (DACS) is an information analysis
center sponsored by the Air Force Systems Command, Rome Air Development
Center (RADC), and operated by OT Research Institute (IITRI. DACS serves as a
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PREFACE

This is one of a series of data publications dealing with software
development data. This publication provides a summary of software
development experience da;a collected by the NASA Software Engineering
Laboratory (NASA/SEL) at Goddard Space Flight Center during the 1976-1980

time frame. Other publications in this series will describe other data sets

v e e -

of the DACS database.

Graphical summaries are provided only for those projects which contain
the most complete data. Tabuliar summaries are provided, however, for all
projects. The original NASA/SEL database refers to 42 projects but not all
are included in this publication due to the incompleteness of the data for
some projects. Some projects were well underway before data collection was
initiated and others are still undergoing development.

This document Qrovides a summary of the results of the data collection
effort. No attempt is made to analyze the data for quality or coﬁpleteness.
This compendium does not include exhaustive listings of data set contents;
these kinds of listings are available from the Data & Analysis Center for
Software (DACS)--in hard copy or machine readable form--upon request.

This graphical and tabular data may prove to be useful to software
engineers and researchers in a number of ways. It provides software project
development historical data which may be useful for studies of software cost
estimation, project monitoring and software quality. It may be useful in
determining the relative usefulness of Modern Programming Practices in the
software development and maintenance processes. Finally, it provides a
source of data which can be used to develop and validate cost and i
reliabtlity prediction models across a variety of projects, environments,

applications, etc.




The tabular data from which this compendium is derived was printed
directly from the DACS computerized database utilizing customized retrieval
and report generation software developed by the DACS programming staff. This
system allows the generation of special reports wherein the data is
categorized to match the needs of the user.

The user is cautioned that the data produced in this publication
reflects the results of the data collection process only; it does not

necessarily reflect the actual project development environment.
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: 1. INTRODUCTION

1.1 Purpose of the Data Compendium

The purpose of this Data Compendium is to disseminate information on
the software engineering database originally developed by the NASA/SEL at
Goddard Space Flight Center. It has been produced by the DACS operated by
IIT Research Institute (IITRI) under contract to RADC. It is to serve as a
software engineering reference on historical software development data. The
NASA/SEL data, in addition to other data, is maintained in the DACS software
experience database for analysis and model validation purposes. Individuals
who are conducting software engineering research may obtain subsets of the

NASA/SEL data from the DACS in hardcopy and/or machine readable form.

1.2 Contents of the Data Compendium

The remainder of this section briefly describes NASA/SEL's approach to
data collection and outlines the categories of data summarized in this
publication.

Section 2 consists of detailed summaries of the data, in graphical
form, for the projects which contained the most complete data. An overview

of the development environment, however, is given for all projects. This

overview was developed by the DACS through personal interviews and

examination of General Project Summary Forms provided by MASA/SEL.

Section 3 consists of a set of three tables of summary data and
associated narrative describing the three main categories of data available
across all projects. These data categories are:

® Project Development Data

e Change Error Data
o Development Methodoloay Data

Each of these three categories of data is characterized by its
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association to the problem, the people, the process, the product, the
resources, and the tools. Some factors may fit more than one category but
are listed only once.

Appendix A provides more in-depth information about the terminology
used in this Data Compendium. The definitions were either provided by

NASA/SEL or extracted from the DACS Glossary (1).

1.3 Data Collection Approach

The NASA/SEL was founded in 1976. The primary purpose of the NASA/SEL
is to study the impact of various management and programming methods on
soTtware development. The approach of the NASA/SEL has been to monitor and
measure the software life cycle during actual systems development and then
to subject these measures to quantitative anmalysis. One significant result
of these efforts is the software engineering database summarized in this
report. The database consists of software experience data collected on
NASA/SEL software development projects through the use of seven forms

completed periodically by project personnel.
{1) The General Project Summary Form was used for project
classification and progress evaluation. It was filled out by the
project manager at the beginning of the project, at the completion
of each major milestone and at project end.

(2) The Programmer/Analyst Survey Form was used to track the
components within a system. A component, in this context, is a
processing module jdentified by its function or a named common
block of shared data. The form was completed for each system
component wnen it was defined, when it was implemented and
whenever a major modification was made.

(3) The Component Summary Form was used to keep track of modules,
subroutines, block common, etc. of the system. It was filled out
when the component was defined, when it was completed and when
major modifications were made.

(4) The Component Status Report was used to track resource

expenditures by component. The form was completed weekly by each
team member working on the project.

1-2
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(5) The Resource Summary Form was used to track project costs. It was
completed weekly by the project manager.

(6) The Change Report Form was used to evaluate the impact of system
changes on the development cycle. It was completed every time the
system was changed due to modifications or discovered errors in
specification, design or code.

(7) The Computer Program Run Analysis Form was used to monitor
computing activity during systems dev “~pment. An entry on the
form was made every time a computer run was initiated.

Detailed instructions for completing these forms are given in reference

(2).

This data has been made available on tape to the DACS for the purpose
of comparative analysis. The project described in this publication are
primarily in the area of ground support software for satellite attitude
control programs. The principle programming languages used in these projects
were FORTRAN and Assembly, and the main development computers were an [BM
360 and a POP 11. The projects range in size from 12 to 600 modules and each
consist of from 1200 to 110000 delivered lines of source code.

The data is not compiete for all projects because some were well

underway before the data collection effort was initiated and some projects

are still undergoing development.

1.4 Data Sets
The following subsets of the NASA/SEL data have been extracted from the
NASA/SEL database and put into graphical and tabular form:

General Project Information

Delivered Source Lines of Code
New Lines of Delivered Code
Number of Components

Number of Modules

Number of New Modules
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Number of Pages of Documentation

Months of Development Time
Manmonths of Development Effort
Number of Computer Runs

Number of Computer Hours

Number of Program Changes

Project Scheduling Information

Code

Design Start and End Dates

Code and Test Start and End Dates
System Test Start and End Dates
Acceptance Test Start and End Dates
Cleanup Start and End Dates

Production History

End of Week Date
Cumulative Number of Source Lines Developed
Cumulative Number of Components Developed

Cumulative Number of Code Changes

Development Effort by Activity, Manhours

Design: Create; Read; Review
Development: Code; Read; Review

Testing: Module; Integration; Review

Profile of Run Purposes and Results

Profile of Types of Changes and Errors

Chronological Failure Data

Fajlure Number
Date Detected

Date Corrected

1-4




Type of Failure or Change

Origin of Failure
Number of Modules Affected

Calender Days Since Last Failure/Change

1-5
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2. PROJECT DATA SUMMARIES

This section presents detailed project summary data. The data is

presented as a set of graphs. Each subsection is organized by project code

L e e ————

into a set of narrative, tables and graphs. The project codes are derived

from the NASA/SEL database. They have been retained to maintain consistency.

For example, Project K is described in subsection 2.K in the following

manner:

Title

General Project Summary (Text)

General Project Information (Table)

Project Scheduling Data (Gantt)

History of Documented Source Code Development

History of Module Development

History of Changes

Distribution
Distribution
Distribution
Distribution
Distribution
Distribution
Distribution

Distribution

of Development Effort by Task

of Computer Runs by Purpose

of Computer Runs by Results

of Changes by Type

of Errors by Type

of Effort Required to Isolate Errors
of Effort Required to Resolve Changes

of when Errors En* red the System by Phase

Figure #

2.K-1
2.K-2
2.K-3
2.K-4
2.K-5
2.K-6
2.K-7
2.K-8
2.K-9
2.K-10
2.K-11
2.K-12
2.K-13

The following paragraphs provide an overview of the information

represented by the figures. The General Project Summary is provided for 20

projects. Some detailed project development data isn't provided in this

section because it is incomplete. The reader will note that some subsections

of this section have been omitted or merely include text describing the
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general project development methodology. These subsections will be completed

as additional data becomes available to the DACS.

Subsections which contain only a general project summary are: 2.1, 2.3,
2.11, 2.16, 2.17, 2.18, 2.32 and 2.33. Subsections which have been ommitted
because there was little or no data in the database for the corresponding
project code are 2.4, 2.9, 2.12, 2.13, 2.14, 2.20, 2.22-2.25, 2.27-2.31,
2.34, 2.36-2.38, and 2.40-2.42. Available data is, however, presented in
tabular form in Section 3.

General Project Information (Figure 2.K-1)

The General Project Information Table describes project size in terms
of lines of source and object code, number of components and pages of
documentation. Project development time, effort, computer resources and the
number of engineering change reports are also presented. Several items are
not taken directly from the database, but rather calculated from data items
stored in the database.

Months of development time is computed from the project development
schedule and manmonths of development effort is computed using personnel
hours expended during development and is based on 172 hours per one
manmonth. The component sizing data is based on data recorded in the
component information file. NASA's estimates for object code are calculated
using the equations:

Object Code = 2.8 x (Source Code) for projects of less than or equal to
15000 lines of source code.

Object Code = 2.1 x (Source Code) for of greater than
15000 lines of source code.

Project Scheduling Information (Figure 2.K-2)

The second figure on the first page contains project scheduling

information in the form of a Gantt Chart. The graph was produced directly
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from data stored in the database. Actual start and end dates for each of the
phases of project development are given in Section 3.

History of Documented Source Code Production (Figure 2.K-3)

The next graph presents a weekly history of code production. The graph
represents the cumulative number of source Tines, including comments
produced during the given time period, and is taken directly from the
project history file in the database. |

History of Module Development (Figure 2.K-4)

This graph presents a weekly history of the cumulative number of
modules produced during the given time period. The prpject history file was
also used to produce this graph.

History of Changes (Figure 2.K-5)

This graph presents a weekly history of the cumulative number of

changes made to the project during the given time period. Note that these

are changes, not change reports. One or more changes are usually made for
each change report which hasn't been rejected. Again, the project history
file provided a direct source for the information contained in this graph.
The project history file contains complete data for eight projects. In
some cases, the data on project code development and module development is
incomplete because the number of lines of source code may not have been

recorded or had comments added to it until a large portion of the project

had been completed. This may account for some missing data.

Distribution of Development Effort by Task (Figure 2.K-6)

This figure represents the number of hours spent on each task in each
of the first three phases of development: Design; Code and Unit Test; and
Integration Test. These hours are calculated by summing the weekly reported

manhours for each task as recorded in the database for each component. A pie
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chart is used to represent the proportion of effort spent on each task
during development. The total number of hours reported for these activities
does not equal the total effort as recorded in the General Project
Information Table because effort expended in Acceptance Testing and Cleanup
was not included in this distribution. The tasks which are included in this
distribution of effort are:

e Design Creation

¢ Design Read

e Design Review

e Code Development

e Code Reading

e Code Reviewing

e Module Testing

e Integration Testing

e Testing Review

Distributions of Computer Runs by Purposes and Results
(Figures 2.K-7 and 2.K-8)

The next two figures represent computer run data; the first displaying
the purposes of runs made during development, the other displaying results
of those runs. In each case, the proportional number of runs in each
category is represented by a pie chart. The data for these two figures is
derived directly from the database which records the purpose for, and
results of, most runs. The total number of purposes or results may be
greater or less than the number of computer runs recorded because some runs
may have more than one purpose or result, or the purpose or result of a
particular run may not have been recorded. The purpose of each computer run
has been arranged according to the following categories:

o Unit Test

2-4
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System Test j

Benchmark Test

Maintenance/Utility

Compilation/Assembly/Link ;
Debug Run '

Other

The number of run purposes for some projects may be greater than the

number of runs reported because a single run may have more than one purpose;

i.e., unit test and debug. f

The results of a computer run have been arranged according to the

following categories:

The number of run results for some projects may be greater than the
number of runs reported because a single run may have more than one result;

i.e., a run ran to completion but included a user generated error message.

Good Run

Submit Error

JCL Error

Other Set-up Error
Hardware Error

Sof tware Error
Compile Error

Link Error

Execute Error

User Generated Message

Ran to Completion

These two graphs are derived from data recorded on Change Report Forms.
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They summarize the types of changes and errors encountered during
development. Data is recorded when an event occurs which triggers a change
in the source code of a project. Since not all changes are a result of error
correction, the number of changes may not necessarily equal the number of
errors. Also, since not all changes are made to code (some are made to
requirements and specifications) the number of change reports may not equal
the number of changes as recorded in the General Project Information Table.
This phenomenon may also be due to: 1) one change in source code resolving
several change reports; or 2) changes not actually being made for every
change report produced. The types of changes categorized in the database and
the general categories under which each fall are:

e Corrective Changes

- Error Correction
e Perfective Changes

Planned Enhancements

Improvement of Clarity/Maintainability/Documentation

Improvement of lUser Service

Optimization of Time/Space/Accuracy
¢ Adaptive Changes
- Implementation of Requirements Change
- Adaption to Environment Change
¢ Other Changes
- Utility for Development Purposes Only
- Other
Not all change reports categorized a change according to the preceding
categories. No category of change was reported on many of the change

reports.
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When a change report does categorize the reason for a change as an

error, the type of error is recorded as one or more of the following

categories:
o Incorrect or Misinterpreted Regquirements
& Incorrect or Misinterpreted Functional Specifications
e Error in the Design of Several Components
e Error in the Design of One Component
o Misunderstanding of the External Environment
e Error in Use of Programming Language/Compiler
o Clerical Error
o (Other

Not all changes categorized as corrections had the error type(s)

recorded. Also, some changes were made to correct more than one type of

error.

Distributions of Effort Required to Isclate Errors and Resolve Changes

(Figures 2.K-1T and 2.K-17]

The next two figures categorize each error by the effort required to

isolate it and categorize each change by the effort required to implement

it. Pie charts are used in each case to visually represent the percentages

within each effort category. Due to reasons similar to those mentioned

above, the number of changes may not necessarily equal the number of change

reports as recorded in the General Project Summary. Change effort was

recorded according to one of the following four categories:

e Less than One Hour

e One Hour to One Day

e One Day to Three Days

o More than Three Days

Effort to make a change was not recorded for all change reports nor was
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it recorded for all changes.

Distribution of When Errors Entered the System by Phase (Figure

K-13)

The final chart categorizes the errors by the development phase in
which it was suspected that the error was introduced into the system. The
possible development phases in which the error originated, either through

omission or incorrect implementation are categorized as follows:

The category “Can't Tell" implies that the phase in which the error was
introduced could not be determined. It bears repeating that not all change
reports had the source of the error recorded. Also, some may have had more
than one reason recorded.

In summary, where data was available, it was included on the
appropriate graph. Whenever a specific classification of a run or a change
does not appedr on a pie chart, then it can be understood that no runs or 4
changes of this type were recorded. In some instances where percents are
included in the pie charts, the total percent may be more or less than 100.
This error is due to the rounding of fractional percentages to the nearest
percent. In cases where data necessary to complete a given chart was not

recorded at all, this status is indicated.

Requirements Definition
Functional Specifications

Design

Coding and Testing
Other -
Can't Tell ]




2.1 Projectl

Project 1 consists primarily of Assembly Level Code (ALC) as used on
POP 11/70 systems and was developed to support conversion of existing
graphics support software for use on the PCOP 11/70. Specification for the
project was functional and procedural, using flowcharts and baseline
diagrams (;ree charts). Design was accomplished through iterative
enhancement and the development was top-down, using structured code with
simulated constructs (program stubs). Validation and verification testing
was both top-down using stubs and bottom-up using drivers, and code-review
was performed by the programmer's peers. One programmer and one librarian
were employed during development with one additional person being used
during the design phase.

The data on Project 1 consists primarily of change error data; other
data for the most part was not recorded. As a result, no pie grapns could
be developed for this project. Data which is available is summarized in

the tables included in Section 3.
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2.2 Project 2
Project 2 consists primarily of FORTRAN source code and was developed
to support spacecraft orientation computation. The target computer system
for this project was an IBM 360. The system was constructed with an overlay
structure of 20 segments divided into two independent programs. The
specifications for this project were functional at the subsystem level and
design was accomplished using top-down techniques. Development was also
top-down at the highest levels, where no specific coding techniques were
; used, with iterative enhancement being used to develop subroutines.
| Validation was accomplished by walk-throughs and formal testing procedures
at the _design level. The project personnel were organized into a team of six
, nersons, with one chief programmer and one librarian.

The data on Project 2 is relatively complete, error types by category

being the only data not recorded.
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GENERAL PROJECT INFORMATION

PROJECT : 2
SIZE
CELIVERED LINES OF SOURCE CODE 50911
NEW LINES OF SQURCE COOE 15385
NASA ESTIMATE OF WOROS OF OBJECT COOE 06913
NASA ESTIMATE OF NEW OBJECT CQDE 38227
MUMBER OF COMPONENTS 292 -
\UMBER OF MODULES 201 "
NUMBER OF NEW MOOULES 172
AVERAGE COMPONENT SIZE (COMMENTED SOURCE) 195 '
MINIMIM COMPONENT SIZE (CCMMENTED SOURCET) :
MAXIMUM COMPONENT SIZE |{CCMMENTED IOURCE) 2016 ‘
JEVELOPMENT
WONTHS OF JEVELOPMENT ~TwE. 4.5
VANMONTHS JF JEVELOPMENT ZFFORT 30
‘ UMBER 3F SCMPUTER UNS 1504
; SYSTEM 360-95 4OURS 221.3

SYSTEM 160-75 WQURS 160.3

0P 11-70 AQURS 2.3
YUMBER IF CHANGES 395
UMBER JF HANGE EPORTS 290

FIGURE 2.2-1
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1577 1978

FIGURE 2.2-2
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+
PROJECT: 2
JISTRIBUTTON OF CEVELOPMENT ZFFORT 3Y TASK (MANHOQURS)
HOURS THAT THIS JISTRIBUTION IS 3ASED ON: 8018.4

QESIGN; CREATE
193 ESIGN; READ 12

DESIGN; EVEIW 22

TESTING; REVIEW.,

JEVELIPMENT; CSDE
i} )

TESTING; (NTEGRATION

s

TESTING: DEELOPMENT
“ODULE A\ 260

R84

JISTR{SUTION CF MRPOSES SOR CCMPUTER NS JISTRIBUTION OF ESULTS IF TSMPUTER NS
“CTAL UNS WPORTED: 154 “3TAL IUNS IEPORTED: Li6¢
WN PYRPOSES “HAT THLS JISTRIBUTICN (3 3ASED oN: 1223 SUN ESULTS THAT THIS JISTRIBUTION IS5 3ASZD ON: 7
ITHER 13
JESUG WUN~ INLT TEST S

USER 3ZNERATED

MESSAGE L%

TIMPTLI ASSEMELY/
PRt ¢

N T JIw
et

1t ETAN

FIGURE 2.2+7 =TSURE 2.2-3
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r———-——————-———————___.___ﬁ

TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 2: 290

No data recorded for
Type of Changes

JISTRIBYTION OF CFFORT TO [SOLATE SRRORS
HANGE REPORTS. THAT THIS JISTRISUTION (S SASED ON: 134

NEVER FOUND, 12
WRE THAN ONE DAY ~ ol

INE HOUR TQ INE 2AY ONE AOUR QR LESS
162 192

FIGURE 2.2-i1
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No data recorded for
Type of Errors

JLSTRIBUTION OF EFFORT REQUIRED O ESOLVE SHANGES
CAANGE TEPORTS THAT THLS JISTRIBUTION IS 3ASED IN: 7§

1 JAY T ] JAYS ¢
~w

L 40UR 2R i3S

3iZ

SIGURE 2.2-12




DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPQORTS THAT THIS DISTRIBUTION IS BASED ON: 168

REQUIREMENTS 1%
| o UNCTIONAL SPECS 4%

DESIGN
28%

CODING AND TEST

67%

FIGURE 2.2-13




2.3 Project 3

-t - . -

Project 3 is an interactive program developed to assist management in

resource allocation. The project was designed and developed to operate on a

POP 11/70. Specifications for the project were written in English text
(non-formal) at the system level. Design and development were top-down at
the project level with unstructured FORTRAN being used. Baseline diagrams
(tree charts) and detailed system/module specifications were used during
design and development, respectively. Validation testing was accomplished in
a top-down manner using program stubs, and the quality of the code by review at i
the module level, and by walk-throughs at the system level. One programmer
and keypuncher were involved in development.

Data on Project 3 consists of some component information computer run

data, and a limited number of change reports.
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i 2.5 Project §
Project 5 consists primarily of FORTRAN source code. Its purpose was to

compute spacecraft attitude based on telemetry data. The system consists of
an overlay structure of nine segments. Specifications for this project were
functional at the module level. The project was designed in a top-down
fashion using program stubs. Baseline diagrams (tree charts) were used to
specify the system design. The project was developed through iterative
enhancement using program stubs with no specific coding standard required.
Validation testing was top-down using program stubs, and inspection was
accomplished by code reading and walk-throughs, as in the design and
development of the system. The personnel were organized into a team
structure consisting of a chief programmer, librarian, and from three to
five assistant programmers.

No data was recorded in the Project History File to determine

documented source code or module development history.
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GEMERAL PROJECT INFORMATION

PROJECT : S
SIZE
OELIVERED LINES OF SOURCE CODE §5237
NEW LINES OF SQURCE COOE 43955
NASA ESTIMATE QF WORDS OF 0BJECT CODE 115998
NASA ESTIMATE OF NEW OSJECT CODE 92311
NUMBER OF COMPONENTS 185
NUMBER OF MOODULES 283
NUMBER OF NEW MODULES 200
AVERAGE COMPONENT SIZE (COMMENTED SQUKCE) a8
MINIMUM COMPONENT SIZE (COMMENTED SOURCE) 2
MAXIMUM COMPONENT SIZE (COMMENTED SOURCZ) 1332
JEVELOPMENT

MONTHS JF JEVELOPMENT 71t

15.29

YANMONTHS OF JEVELOPMENT ZFFORT 97
UMBER OF COMPUTER UNS 3371

SYSTEM 160-95 HOURS 164.2

SYSTEM 360-7S HOURS 156.3

30P 11-70 HOURS 3.3
VUMBER OF CHANGES 275
UMBER OF CHANGE IEPORTS 1

FIGURE 2.5-1
R0JECT 3
ICTUAL JEVELOPMENT SCHEDULE 3Y JWASES
JESIGN
i ZO0E N0 EST
. —_—
= SYSTEM TEST
Ay
ICCSPTANCE TEST
—
bt SLEANUP
cT APR acr PR
1977 1978

FIGURE 2.5-2
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CAORLATIVE wnelh OF CranGES

1831

100

No data recorded for
History of Documented Source Code Production

No data recorded for
History of Module Development

L PROECT §

HISTORY OF CHAMRES

L A s A - y—

am m ) Stp oct -y
111
FIGURE 2.5-S

2-19




PROJECT: §
OISTRIBUTION CF JEVELOPMENT ZFFORT 3Y TASK (MANMOURS)
HOURS THAT THIS JISTRIBUTION [S 3ASED ON: 6274.2

TESTING, REVIEW
=

QESIGN: CREATE
232

TESTING; INTESRATICN
3%

SEVELIPMENT; C20E

ey

=21

JEVELIPMENT :
EYIEE 1T

SEVELOPMENT, 2EAD

SISTRISUTION JF PURPCSES FCR ZTMPUTER WUMS

st

JISTRIBUTION OF RESULTS IF CIMPUTER 2UNS

“OTAL WNS EPORTED: 2018 TOTAL UNS EPORTED: 2918

JuN 24RPOSES THAT THIS JISTRIBUTION (S ASED M: 2456 WN WSULTS "HAT THIS ILSTRIZUTION IS IASED oN: .

JTHER W3 . JNIT “EST 3

.SER GENEPATTD
E33AGE

JIMPTLZ, ASSEMSLY /LMK

25z

TOMPLITION

MA[NTEMANCZ, UTILITY
18%

STGURE 2.5-7

FIGURE 2.5-3
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TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 5: 311

- DISTRIBUTION OF ERRORS BY TYPE

QISTRIBUTION QF CHANGES 8Y TYPE -
CHANGE REPORTS THAT THIS OISTRIBUTIOM (S 3ASED ON: 198

SHANGE REPORTS THAT THIS OISTRIBUTION [$ 3ASED ON: 13

L FUNCTIONAL SPECIFICATIONS (M-
CORRECT QR MISINTERPRETED 3%

SESIGY ZRROR, (MVOLYVING
SEVERAL COMPONENTS 3%

CLERICAL ERROR
badd
s ZaROR N W CESIAN
R MPLOMENTATIEN F
T LSMPONENT 3%

ZIRRECTTVE THANGES

220%

ZAROR ©N USE OF 7R0GRAM-
WING LANGUAGE/CIMPILZ 3T

F15URE 2.5-9 SIGURE 2,340

21STRIBUTION 1F SFFORT EQUIRED Y0 IESOLVE CHANGES

3ISTRIBUTION JF IFFORT 70 ISOLATE SRRCRS
HARGE IEPORTS. THAT THIS JISTRIZUTICN IS 3ASED IN: 136

~4ANGE EPORTS THAT THIS JISTRIZUTIAN (S 3ASED IN: 33

“ORE “HAN ONE ZAY = VEVER <OUND 2% “ORE "HAN 3 JAYS 3%
2% .

LAY 0 3 JAYS

2NE 4OUR 7O ONE JAY 1 W0UR D 1 2AY . <|OUR;0:'R L2533

5 INE 4OUR OR LESS

o]
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OISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM B8Y PHASE
CHANGE REPQRTS THAT THIS DISTRIBUTION IS BASED ON: 132

OTHER . ICAN'T TELL 1%
2%

CODING AND TEST
86%

~IGURE 2.5-13
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2.6 Project 6

Project 6 consists primarily of FORTRAN source code and was developed
to compute satellite orientation from telemetry data. The system was
developed on an IBM 360 for real-time operation. Specifications for the
project were both functional and in formal English text at the system and
subsystem levels. Design was top-down at the system level, with baseline
diagram (tree charts) being the formalism used. Development was by iterative
enhancement with no specific coding technique required. Top-down
verification using stubs, code reading and walk-throughs, at the module
level, were the techniques employed to validate the system. The personnel
were organized into a team consisting of one chief programmer, two
librarians, and up to six other programmers at any given time.

Data on project 6 is relatively complete for each category of data.
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GENERAL PR0JECT INFORMATION

PROJECT : 6
SIZE
OELIYERED LINES OF SOURCE COOE 111868
NEW LINES OF SOURCE COOE 34729
NASA ESTIMATE OF WORDS CF OBJECT CODE 234923
NASA ESTIMATE OF NEW 08JECT CODE 177931
NUMBER OF CCMPONENTS 3a7
NUMBER OF “ODULES 510
NUMBER OF NEW MODULES 346
AVERAGE CCMPONENT SIZE (COMMENTED SOURCET 2
MINIMUM CCMPONENT SIZE (COCMMENTED SQURCE) s
AX TNUM COMPONENT SIZE (COMMENTED SQURCE) 329
JEIELOPMENT
MONTHS OF SEYELOPMENT TIME 19.25
YANMONTHS 3F SEVELJPMENT Z7FnpT 554
NUMBER 3F ICMPUTER 3IUNS 11376
SYSTEM 60-95 <QURS 3103
SYSTEM 160-75 4CURS 1543
30P 11-70 HQURS 3.3
HUMBER JF CHANGES 2045
‘WMBER IF HANGE IEPORTS 191
FIGURE 2.56-1
I8QJECT 5
ACTUAL JEVELCPMENT SCHEDULS 3Y SHASES
[ JESIGN
=
lr - I3DE WND EST
i - IYSTEM "EIST
| —
—  1CCIPTANCT CIET
L —
't — SLIANUP
_—
st
SN SEC SUN JEC
1376 1977 arg

FIGURE 2.6-2
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| ) PROJECT: 6
OISTRIBUTION OF DEVELOPMENT SFFORT 8Y TASK (MANHOURS)
HOURS: THAT THLS OLSTRIBUTTOM (S 3ASED OM: 6076.2

OESIGN; READ 2%
DESIGN; REYIEW 22

TESTING; REVIEW
22

JE/ELSPMENT ;. C0DE
242

TESTING, [NTEGRATION
847

CEYVELIPMENT:
€80

v
‘s

JEVELCPMENT .
EVIEN

-

FIGIRE 2.3-3

JISTRIBUTION. JF RPOSES “OR ITMRYTER 3IUNS SISTRIBUTION OF ESULTS IF ZIMPYTTR IUNS
TOTAL iUNS 2EPNRTED: 377 TITAL IUNS IEPORTED: 377
3UN URPOSES "WAT THIS JISTRISUTION (S 3ASED IN: 2946 AN GESULTS THAT THIS JISTRIBUTION [S 3ASED Nt 34

STHERX UNIT EST 22

— g
-

i IISTEM TIST

' 3%
i
SIMPTL I ASSEMELY L NK TINCEMRRN TIST
1
S e Iy
2t
A INTTHANCE, UTIL. ™
132
ITGURE 237 cempe o =
GURE 2.3+ SURURE 2.3-3




TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 6: 491

OISTRISUTION OF CHANGES 8Y TYPE

CHANGE REPORTS THAT THIS JISTRIBUTION [S 3ASED ON: 24

ADAPTTVE CHAMGE 4%,

1

ZJRRECTIVE CHANGE
63

~IGURE 2.5-9

JISTRIBUTION JF IFFIRT TQ [SQLATE ZRRORS

SHANGE REPORTS THAT THIS JISTRIBUTION [S 3ASED ON: (22

YEVER FOUND 3%

“QRE THAM
CNE JAY

22

INE HQUR IR LESS
313

JNE +0UR ;0 INE JAY

-

(41}
[)
pary

i

SIGURE 2.
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- JISTRISUTION OF ZRRORS 3 TYPE

4

CHANGE REPORTS THAT THIS DISTRIBUTION IS 8ASZD ON: 32

\
FUNCTTONAL SPECIFTCATIONS
INCORRECT 3R MISINTERPRETED

)

QTHER
5%

ZRROR N TME ZESISN IR
(MPUIMENTATION CF
IIMPONENT a2

YISUNQERSTANDING OF
IXTZANAL SNVIRONMENT

iz

~IGURE 2.5-10

- JISTRIBUTICN JF ZFFORT ECUIRED I IESOL/E SHANGES

CHANGE REPORTS “HAT THIS JISTRISUTTIN [S 3ASED “N: 160

MORE THAN 3 JAYS
3%

L JAY 70 3 JAYS
208

1 40UR JR LZ58

i7e

L HOUR 70 1 JAY
8%




DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPORTS THAT THIS DISTRIBUTION IS BASED ON: 132

CAN'T TELLg%| REQUIREMENTS 13
OTHER . = CUNCTIONAL SPECS 1%

DESIGN
17%

CODING AND TEST
77%

FIGURE 2.6-13
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2.7 Project 7

Project 7 is a utility program designed to read, display, and perform
calculations on a data set to determine satellite attitude. The program
consists of approximately two thirds FORTRAN source code and one third
Assembly Language Code (ALC). The software was developed on a POP 11/70
for use on an IBM 360. No overlays were employed in this program.
Specifications for the project were in English text which described the
top-level of the program logic. Design was top-down in nature using baseline
diagrams at the module level. Development was accomplished through iterative
enhancement of subroutines composed of code which employed simulated

constructs. Top-down testing of modules was used in validation.
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GENERAL PROJECT INFORMATION
PROJECT @ 7

SIZ

OELIVERED LINES OF SOURCE COOE
NEW LINES OF SQURCE COOE

NASA ESTIMATE OF WORDS OF OBJECT COOE
NASA ESTIMATE OF NEW OBJECT COOE

NUMBER OF COMPONENTS
NUMBER OF MODULES
NOVEER" OF NEW MOOULES

AVERAGE COMPONENT SIZE (COMMENTED SOURCE)
MINIMUM COMPONENT SIZE (COMMENTED SOURCE)
MAXIMUM COMPONENT SIZE (COMMENTED SOURCE)

JEVELOPMENT

MONTHS OF DJEVELOPMENT TIME
VANMONTHS OF JEYELOPMENT IFFORT

NUMBER IF COMPUTER UNS
SYSTEM 160-35 AQURS
SYSTEM 160-75 AQURS
0P 11-70 HOURS

NUMBER OF CHANGES
WMBER OF CHANGE REPORTS

FIGURE 2.7-1

PROJECT 7
ACTUAL JEVELOPMENT SCHEDULS 3Y WASES

SESIGN
& oppoanp EST
‘ SYSTEM EST
_%:sﬂmc: “£37T

2886
81370
5800

rid
24

wANUP

377

1PR
1978

FIGURE 2.7-2
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No data recorded for

History of Documented Source Code Production
History of Module Development
History of Changes
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PRONECT: 7
DISTRIBUTION. OF OEVELOPMENT SFFORT 8Y TASK (MAKHOURS)
HOURS THAT THIS QISTRIBUTION [S BASED O#: 313.Q

TESTING; INTEGRATION
232

OESIGN; CREATE
192

JEVELIPMENT; O0E

82

FTURE 2.7-5

JISTRIBUTION IF PURPOSES FOR COMPUTER UNS
TOTAL JUNS REPBRTED: 186
UN SURPOSES THAT THIS SISTRIBUTICN [S 3ASED JIN: 329

CE3UG WN—

JIMPTLI/ASSEMBLY/ILINK

ey
%
P

VAINTENANCZ/UTILITY

PR

SIGURE 2.7-7

2-32

CISTRIBUTICN OF RESULTS OF COMPUTER RUNS
TYTAL UNS REPORTED: 136
AUN RESULTS TRAT ~{IS JISTRIBUTION I3 3ASED N: 22

P

AN 7D IZMPLETION

“ne

cel®

STGURE .78
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TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 7: 55

j No data recorded for No data recorded for
{ Type of Changes Type of Errors
\
!
JISTRIBUTION OF EFFORT "0 ISOLATE ZRRORS JISTRIBYTICN IF IFFIRT ETUIRED T3 ESCLIE HANGES
CHANGE REPORTS THAT THIS JISTRIBUTION (S 3ASED N: 13 SAANGE EPORTS “WAT THIS SISTRISUTION |5 2ASED % 33

INE “OUR TJ 2NE AY

0% ) CNE -QUR 7R LESS

por 4

FIGURE 2.7-11 FIGURE 2.7-12 {
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'DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPORTS THAT THIS DISTRIBUTION IS BASED ON: 36

CODING AND TEST DESIGN

50% 50%

FIGURE 2.7-13
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2.8 Project 8

Project 8 is an attitude determination program designed to execute in
real-time on an IBM 360, and is composed primarily of FORTRAN source code.
Extensive amounts of code were reused from Project 3 in the development of
this project. The specifications for this project were functional at the
system level and procedural at the subroutine level. The system was designed
and developed in a top-down fashion using baseline diagrams. A program
design language was used to specify the subroutine level functions. Testing
of the system was top-down at the system level and specification-driven at
lower levels during validation. The personnel were organized in a team
structure consisting of a team leader, whose responsibilities paralleled
that of a chief programmer, a librarian, and three programmers in addition
to the project manager.

The data on Project 8 is relatively complete for each category of data.
Note that 2792 changes are recorded under General Project Information.
The source of this number is the NASA estimated statistics file. However,

the project history file shows only 415 changes for Project 3.

2-35

a




GENERAL PROJECT INFORMATION
PROJECT : 8

SIZE

OELIYERED LINES OF SOURCE CI0E
NEW LINES OF SOURCE COOE

NASA ESTIMATE OF WORDS OF OBJECT CQOE
NASA ESTIMATE OF NEW 0BJECT CODE

NUMBER OF COMPOMENTS

YUMBER OF “ODWLES

NUMBER OF MEW MOOULES

AVERAGE CCMPINENT SIZE (COMMENTED SQURCE)

NINIMUM COMPONENT SIZE (COMMENTED SOURCE)

uAX IMUM COMPONENT SIZE (COMMENTED SCURCE)
JEYELOPMENT

WONTHS OF DEVELOPWENT TIME
WANMONTHS OF DEVELOPMENT IFFORT

YUMBER OF CCMPUTER AUNS
SYSTEM 260-35 4OURS
SYSTEM 160-75 +HQURS
P0p Li-70 “QURS

VUMBER JF CHANGES
(UMBER IF CHANGE EPORTS

FIGURE 2.8-1
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PROJECT: @
‘QISTRXBUT!ON OF CEVELOPMENT EFFORT 3Y TASK (MAMMQURS)
HOURS THAT THIS OISTRIBUTION [S 3ASED ON: 4793.5

DESIGN; CREATE
ITHER ba ]

JESIGN; EVIES

ZFIELOP;'_ENT; pleis 3

ISTING: EVIEW
TESTING:
INTEGRATICN

3%
TISTING: “OOULE ~
-

JEVELIPMENT; EAD %

FIGURE 2.3-9

SISTRIBUTICN OF PURPOSES SOR CIMPYTER JUNS JISTRISUTION CF RESULTS 3F ZCMPUTTR 2UNS

“OTAL UNS EPORTED: 384 TOTAL UNS WEPORTED: 384

IUN MRPOSES “HAT “HIS JISTRIBUTION [S.2ASED N: .748 N IESULTS THAT “HIS JISTRIBUTION 'S 3ASED IN: 3

.SEX ENERATED “ESSAGE
UNIT TEST .-

IIMPILISASSEMILY /LIMK

- 4
Er

AN 7D IIMPLETION
39%
MAINTENANCE, UTTL.TY

6%

SIGURE 2.3-7

SIGURE 2.3-3




TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 8: 239

No data recorded
Type of Changes

SISTRISUTION 3F IFFCRT 73 ISCLATET ZRRORS
“SANGE EPORTS "HAT THIS JISTRIUTION (5 3ASED IN: 30

AR

VORE THAN JME JAY - EVER FOUND

INE 40UR IR LZ3S

SHE <GUR TOQ INE CAY

i3% 8%

SIGURE 2.3-12

ZRAOR M USE OF
IA0CRAMMING  ~~—p
ANGUAGE/ CCMPTLE

DISTRIBUTICK OF £RARORS 3Y TYPE
THANGE REPORTS THAT THIS CISTRIBUTICN IS 3ASED N: il

REQUIREMENTS INCORRECT OR MISINTERPRETT

OTKERj ] 2
4% FUNCTIONAL SPECIFICATICNS

INCCRRECT 2R xzsxnfzgpqs;

DESIGN ERROR, [MVOLVING
SEYERAL CIMPONENTS

-

CLERICAL ZRROR

o

he

ZRRCR (N “HE ZESIGN °R
IMPUIMENTATION JOF °

STGURE 2.3-19

JISTRIBUTICN OF ZFFORT WOUIRED ™) ESCLVE 14ANGES

THANGEZ AEPORTS THAT THIS JISTRISUTION IS 3ASZD IM: 33

“ORE THAN 3 2AYS

1 40UR "0 @ 3AY s OUR ROLESS

B4

ke i-4
-

SIGURE 2.3-12
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DISTRIBUTION OF WHEN ERRCRS ENTERED THE SYSTEM 8Y PHASE
CHANGEZ REPORTS THAT THIS OISTRIBUTION IS BASED ON: 99

RggU IREMENTS = FUNCTIONAL SPECS

-]

CODING AND TEST
36%

FIGURE 2.8-13
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2.10 Project 10

Project 10 consists primarily of FORTRAN source code. The purpose of
the program was to determine spacecraft attitude. The specifications for the
project were formal at a subroutine level. Design and development were
top-down at the subsystem level using iterative enhancement at the subroutine
level. Baseline diagrams and Program Design language (PDL) were the

specification techniques used to design the program, and structured code was

used in its development., Validation was specification-driven at the system
level, The project personnel were organized in a structure similar to a
chief programmer team with one chief programmer, three librarians, and five
prograrmers in addition to the project manager.

Pun analysis and resource expenditure data is not recorded for Project

1C.
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GENERAL PROJECT [NFORMATION

PROJECT : 10
SIZE
DELIYERED LINES OF SOURCE CODE 75393
NEW LINES OF SOURCE CODDE 49316
NASA ESTIMATE OF WOROS OF QBJECT CODE 158325
NASA ESTIMATE OF NEW QBJECT CODE 103560
NUMBER OF COMPONENTS 538
NUMBER OF MODULES 535
HUMBER JF NEW MOOULES 137
AVERAGE COMPONENT SIZE (COMMENTED SOURCE! 140
“INIMUM COMPONENT SIZE (COMMENTED SOURCE) 1
WA IMUM COMPONENT SIZE (COMMENTED SOURCE! 1477
JEVELOPMENT
WONTHS OF DEVELOPMENT TIME 14.75
WANMONTHS OF JEVELOPMENT IFFORT 2
NUMBER OF CCMPUTER RUNS 7500
SYSTEM 360-35 AQURS 208.2
SYSTEM 160-75 AQURS 193.3
20p 11-7Q HOURS 1.3
VUMBER OF CHANGES 1576
WMBER OF CHANGE REPORTS 1§
FIGURE 2,10-1
P90JECT 0
ACTUAL DEVELOPMENT SCHEDULE 3Y SMASES
JESIGN
] <3DE AND TEST
~ sysTem "EST
S
==  ACCIPTANCE TEST
B
! =  LEAMUP
APR KT aPR T
1977 1578

FIGURE 2.10-2
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PROJECT: 10
QISTRIBUTION CF OEYELOFMEMT EFFORT 3Y TASK {MANHOURS)
WOURS THAT THLS OISTRIBUTION (S 3ASED ON: 5690.9

3 CREATE
TESTING: OESIGNI:
REVIEW - OESIGQO.: |AD

4T

—

PUPras

JEVELOPMENT; 100E {
25%
4
JEVELCPMENT: ,
EVIEN 13
" SEYELOPMENT: EAD 1% .
STHRE 2.10-5 .
:
JLSTRIBUTION OF PURPQSES FOR COMPUTER WNS JISTRIUTION OF RESULTS OF COMPUTER WNS
TOTAL WUNS 1EPORTED: 1312 TOTAL SUNS EPORTED: 212
WUN MRPASES THAT THIS JISTRIBUTTION IS 3ASED oN: 2122 AUN EWSULTS THAT THIS JISTRISUTION IS 3ASED oN: P
AUNTT TEST 12

JSER 3ENERATZD
“ESSAGE 8%

IOMPTLE, ASSEMBLY /L.

2AN T TIMPLETICN
32%

VAINTENANCE/UTILITY
10%

FIGURE 2.20-7 F1GURE 2.10-3
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TOTAL NUMBER OF CHANGE REPORTS FQOR PROJECT 10: 46

No data recorded for
Type of Changes

JLSTRISUTTON QF SFFORT 0 [SQLATE SRRORS )
CHANGE REPORTS THAT THIS JISTRISUTION (S 3ASED dN: 23

NEVER FOUND 4%
“QRE THAN ONE JAY —

INE 40UR 70 INE JAY INE 4OUR 7R LESS

s 513

FTGURE 2.10-12
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DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPQRTS THAT THIS OISTRIBUTION IS BASED ON: 25

DESIGN
24%

CODING AND TEST
76%

FIGURE 2.10-13
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2.11 Project 11

Very little information is available concerning the development of
Project 11 other than that it is for a scientific application and composed
primarily of FORTRAN source code. Data collected on Project 11 includes

development schedule information and run analysis data.
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2.15 Project 15

Project 15 is a FORTRAN program which analyzes FORTRAN source code. It
was developed and is operating on a PDP 11/70. The system is in an overlay
structure of three segments. The specifications for the project were
detailed in the form of English text at the system level and with 80% of
the modules having procedure oriented specifications, and 20% having
formal specifications. Baseline diagrams were used in the top-down design
and development of the system, but one component was specifically designed
and developed in a "hardest first" fashion. Structured code was also used in
development. In the validation of the system, flow of control was tested in
a top-down fashion using stubs while modules were tasted in a bottom-up
fashion using drivers. Inspection was accomplished by code reading within
modules and by walk-throughs at the subsystem level. Only one programmer was
used in the develcopment of this project.

Data on Project 15 is relatively incomplete. The number of changes
recorded on the estimated statistics file (23) is inconsistent with the

number of changes recorded on the project history file (245).
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GENERAL PROJECT INFORMATTON

PROJECT : 15
SIZE
OELIYERED LINES OF SOURCE CODE 5300
NEW LINES OF SQURCE CODE 6300
NASA ESTIMATE OF WORDS OF OBJECT CORE 18270
NASA ESTIMATE OF NEW OBJECT CODE 18270
NUMBER OF COMPONENTS 59
NWMEER OF MOOULES 39
MUMBER OF NEW MODULES 69
AVERAGE COMPONENT SIZE (COMMENTED SQURCE) 194
MINIMUM COMPONENT SIZE (CCMMENTED SQURCE) .34
MAX [MUM COMPONENT SIZE (COMMENTED SQURCZ) el )
JEVELOPMENT

(93

MONTHS JF OEVELQPMENT T1)
VANMCNTHS JF JEVELOPMENT IFFORT 3

NUMBER JF COMPUTER JUNS. 3
SYSTEM 16Q-35 +QURS pp]
SYSTEM 160-75 HOURS 3.2
P0p 11-70 <QURS 2.3

NUMBER QF CHANGES 23

WMBER OF CHANGE EPORTS 6

FIGURE 2.15-1

No Data recorded
for Develooment Scheduie
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CUMLATIVE Mrwtl OF CnaMGES

No data recorded for
History of Documented Soruce Code Production

No data recorded for
History of Module Development

rAJECT 1S
HISTANY OF CTANRES

1917
FIGURE 2.15-5
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PROJECT: 1§

OISTRIBUTION CF OEVELOPMENT EFFORT 3Y TASK {MANHOURS)
HOURS THAT THIS OISTRIBUTION [S 3ASED ON: $34.2

QTHER
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TESTING;
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i
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JEVELIPMENT; 1EAD
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N URPNSES THAT "HIS CISTRIBUTIIN [3 3ASED ON: 8
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8L, LINK
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JTILLTY 11y
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STSURE 2..8-7
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TOTAL NUMBER COF CHANGZ REPORTS FOR PROJECT 15: 16

JISTRIBUTION OF CHANGES 3v TvPE JISTRIBUTION OF ERRORS 3Y TYPE
CHANGE EPORTS THAT THIS J(STRIBUTICN (S 3ASED IN: 2 CHANGE AEPOKTS THAT THLS JLSTRIBUTICON [S 3ASED ON: (O
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VENT 0%

STRURE 2.15-9 SIGURE 2.85-10

JISTRIBYTICN IF ZFFPORT O SOLATE ZRRORS JISTRIGUTION CF SFRORT JEQUIRED ™0 2ESCLVE THANGES
THANGE EPCRTS THAT THIS JISTRISUTION S 3ASED IN: 2 CHANGE EPORTS THAT THIS JISTRIBUTION S 3ASED Tv: .t

MORE “HAN- I CAYS
-} 4
=% L -QUR 2R LI5S
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2~y
Sie
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OISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPORTS THAT THIS DISTRIBUTION IS BASED ON: 5

CODING AND TEST

100%

FIGURE 2.15-13




2.16 Project 16

Project 16 consists of a FORTRAN program developed to generate monthly
reports containing financial data. The program is a single overlay structure
developed on a POP 11/70 but able to execute on either a PDP 11/70 or an IBM
360. Functional specification were employed at the module level. Program and
module desfgn was accomplished using top-down technigues. Bottom-up
techniques were used to develop each module, with iterative enhancement of
blocks of source code within modules. Flowcharts were used to specify the
design of each module. Code reading and specification-driven testing were
used to perform verification and validation. Only one programmer was
assigned to this project.

Cata on Project 16 consists of component and resource expenditure

data only. As a result, no pie charts were developed for this project.

2.17 Project 17

Project 17 is a FORTRAN program designed to perform image data
retrieval from mass storage and assist in calculation of attitude
determination. The specifications for the project were functional. Cesign
and development of this project was accomplished using an iterative
enhancement approach with no specific coding standards being recuiresd.
dalk-throughs were used in the verification of the oroject. Only two
programmers were assigned to this project with one suborainate to the other.

Data on Project 17 consists of computer run aralysis data oniv.

As a result, no pie charts were develooed for this project.
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2.18 Project 18

Project 18 is an interactive system designed as a generalized graphics
package to display data generated by other systems. The project consists of
three independent programs written in FORTRAN. It was developed and operates
on a POP 11/70, The specifications for the project were functional. Design
was accomplished using a data flow technique with iterative enhancement which
utilized baseline diagrams. Development was top-down with iterative enhancement
using structured code. Top-down testing and code reading were employed
during verification and validation. The two programmers used on this project
were not organized in any specific manner.

Data on Project 18 consists of partial scheduling information and a

small sample of change reports. As a resulf, no pie charts were develcoed

for this project.
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2.19 Project 19

Project 19 consists of a main attitude determination program and four
utilities subordinate to it. Approximately two thirds of the project is
written in FORTRAN, the remaining third being written in ALC. The project
was designed to operate in near real-time on an IBM 360. The specifications
for the project were both functional and in English text down to the
subsystem level, Design was accomplished by iterative enhancement using
baseline diagfams and a POL. Development of the project was also by
itarative enhancement of simulated constructs of blocks of coce. validation
and verification was accomplished throuch top-down testing of modules and
specification-driven testing of functions. The personnel assigned to the
project were loosely organized into a programming team with one task leader,
one librarian, and seven nroqrammers, in addition to the project manager.

Data on Project 19 is relatively complete for each category of data.
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GENERAL PROJECT INFORMATION
PROJECT : 13

OELIYERED LINES OF SOURCE CODE
NEW LINES OF SQURCE COOE

NASA ESTIMATE OF wORDS OF QBJECT COOE
NASA ESTIMATE OF NEW O0BJECT COOE

UMBER OF COMPONENTS
NUMBER OF MODULES
NUMBER OF NEW “O0ULES

AVERAGE COMPONENT SIZE (CCMMENTED SQUPCE)
MINIMUM COMPONENT SIZE (COMMENTED SQUACE)
MAXIMUM COMPOMENT SIZE (COMMENTED SQURCE)

JEVELOPMENT

“ONTHS OF SEVELOPMENT TIME
VAMMONTHS OF CEVELOPMENT iFFORT

YUMBER OF CCMPUTER 2UNS
SYSTEM 16Q0-95 <QURS
SYSTEM 60«75 HOURS
0P 11-70 HOURS

YUMBER IF CHANGES

YUMBER CF CHANGE <EPORTS

FIGURE 2.19-1
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PROJECT 19
OISTRIBUTION OF OEVELQPMENT EFFORT 3Y TASK {MANHOURS)
HOURS THAT THIS OJISTRIBUTION [S B3ASED ON: 17%95.§

JESIGN; CREATE
5%

JESIGN: EA0 13
?vggg'}mu 9% JESIGN; EVIEN 13

JEYELOPMENT . CCOE 283

TEST 14 -H /
“OpuLS S% /
JEVELCPMENT; ~
END 5%
FIGURE 2.13-3

JISTRIBUTION OF ?URPOS.ES IR CCMPUTER QWNS
TOTAL IUNS €EPORTED: 1118
N WRPASES “HAT “HIS JISTAISUTION (S 3ASED IN: 3138

JISTRIBUTION JF RESULTS JF CIMPUTER IUNS
TOTAL AUNS REPORTED: 3118
UN RESULTS THAT THIS SISTRISUTICN IS 3AS&D ON: 3

. JTHER 1%
JE3UG WN I3 .

3§‘£CHMARK

TIEY %

JSER IENERATED vESSAGE

~a
pe-4-4

COMPTLZ/ASSEMBLY/LINK

«Se

VA INTENANCE/UTTLLTY
s

SIGURE 2.18-3
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TOTAL NUMBER QF CHANGE REPORTS FOR PROJECT 19: 679

JISTRISUTTION OF CHANGES 3Y TYPE JISTRIBUTION OF ZRRORS 3Y TYPE f
SHANGE IEPORTS THAT THIS IISTRIBUTINN (S 3ASED ON: 679 CHANGE EPORTS THAT THIS JISTRIBUTION S 3ASED o8: 291

REQUIREMENTS [NCORRECT R
JTHER 2, © [SINTERPRETED 5%
SUNCTIONAL SPECIFTCATIONS
INCBRRECT 2R “{SINTERPRETTD
42

JESIGN ZRROR, INYCLVING
SEVERAL ZOMPCNENTS 1.2

ACAPTTYVE CHANGE
1@

SCRREZTIVE CHANGES
39%

SLERICAL ZRROR

B4

IRROR 1N THE ZESIGN
IR IMPLEMENTATION IF

L IIMPONENT 35%

E THANGES

ZRRCR [N JSE JF Q0GRAM-
MING LANGUAGE/CIMPILZ 3%

: .y J—MISUNDERSIANG LG IF ITTINAL
! ~1GURE 2.13-3 INVIRONMENT 12

FIGURE 2.19-10

JISTRISUTION JF IFFORT ETUIRED T IESOLVE CHANGES JISTRIBUTIONQF SFFORT 73 SCLATT IRRORS
CHANGT EPORTS THAT THIS JISTRISUTION (5 3ASED CN: 578 CHANGE ?EPOR‘i'S THAT THIS JISTRIZUTION (S 2ASED 2N: 273

“ORE THAN ONE JAY %

“ORE THAN 3 JAYS 3%

INE 4OQUR O INE CAY SNE O0UR R _ZIZ
1a

L 40UR TT U ZAY
pr-1 EEH

8%

STGURE 2.18-L0 FTSURE 2..8-12
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DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPQRTS THAT THIS DISTRIBUTION IS BASED ON: 266

REQUIREMENTS 2%
| "FUNCTIONAL SPECS 13

CODE AND TEST

53%

FIGURE 2.18-13
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i 2.21 Project 21

i Project 21 is a FORTRAN program developed to compute orbital
§1 parameters. The proaram was developed and designed to operate on an I3M 360.
| The specifications for this project were functional to the module level,
! Top~down desiaon and development to the subroutine level and iterative
enhancement of the subroutines were the techniques employed during develop-
ment. Ouring design, flowcharts and baseline diagrams were used at the
top-level of the system and a POL was used in the design and development of
the entire system. Top-down testing using stubs, code reading and
walk-throughs were used in validation and verification of the program. In
addition to the manager, the personnel were organized into a team consisting
of one task Teader and one programmer analyst.
‘l In addition to general project information, data on Project 21 consists
‘ of component information and change report data. [t is important to note that
delivered lines of source code, manmonths of development effort and numter

of changes were not recorded in the NASA database.
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GENERAL PROJECT [NFORMATION
PROJECT : 21

SIZE

DELIVERED LINES OF SQURCE CIDE
NEW LINES OF SOURCE CODE

VASA ESTIMATE OF WORDS OF 0BJECT COOE

MASA ESTIMATE OF NEW OSJECT CODE 115988
NUMBER OF COMPONENTS 440
MUMBER OF WOOULES 40 :
NUMBER OF NEW MODULSS 340

AVERAGE COMPONENT SIZE (COMMENTED SOURCE)
MINIMUM ZOMPONENT SIZE [ COMMENTED 3CURCE;
MAXIMUM COMPONENT S{IS [COMMENTZID :CQURCE

-

SEVELIPWENT }
WONTHS 2F DEVELOPMENT TIvE 8.2
ANMONTHS 3F JEVELIPMENT ZZFTRT 1
HUMBER IF SMPYTER NS 3970
STSTEM 160-35 4OURS 3.3
SISTEM 160-73 40URS 55.0
3P 1170 4CURS 3.3
NUMBER 9F CHANGES 1
UMBER 1F UANGE 3EPARTS 5Q

FIGURE 2.21-1
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No data recorded for

History of Jocumented Sourca Code Production
History of Module Development
History of Changes




PPOJECT: 2L
JISTRIBUTICN OF JEYELQPMENT EFFORT 3Y TASK (MANMQURS)
J0URS THAT THIS JISTRIBUTION [S 3ASED ON: 1.3

FTSRE 1.1

‘0 33t3 recorzed Tor lo data recorded “or
—cmputar un Jurnoses Jomouter run Results




TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 21: 150

SISTRIBUTICN OF ZRRORS 3 ~vpe
CHANGE REPORTS THAT THIS JISTRIAUTION- (S 3ASED M: 113

ITHER 3

ECUIREMENTS [N-
- - CORRECT R M[SINe
CLZRI 02“'5: ZRROR TIRPRETTD 1

i d
Camet

Mo data recorded for
Type of Changes EARCR N THE 1

CESIGN TR (MPLIMEN.
TATION JF 13%
CMPONENT,

e

TUNCTTOMAL SPECITIZATIING

SESI3H ZRRCR, JICSRFELT TR HELR- 1
TNVOLVING SEVERAL TR e

ZCMPONENTS 5%

JISTRISUTION CF SFFORT 7O [SCLATE ZRRORS SISTRIZUTION CF SFFARRT EZUIRED "0 IEICL/E THANGES
SHANGZ IEPORTS THAT THIS JISTRISUTION (S 3ASED dn: 82 SHANGE REPORTS THAT "HIS DISTRIBUTICM (S 3ASED N: 'S0

“ORE THAN INE CAY

“ORE THAN o ZAYS

.
-~

IHE 4QUR IR .

e

LAY TD 5 CAYS
JNE 40UR "0 INE AY e’
‘0%

I ) steapE oy ea
STIAE D21t SIGURE 1.21-:12
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4
OISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE ‘4
CHANGE REPORTS THAT THIS DISTRIBUTICON IS BASED ON: 40

PRV

FUNCTIONAL SPECS
30%

CODING AND TEST

48%

JESIGN

bod~/4
23%

FIGURE 2.21-13
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2.26 Project 26

Project 26 is a FORTRAN program developed to support attitude
determination. The target and development computer for this project was an
IEM 360. The system consists of six independent programs. Both functional
and English text specifications were utilized to the subroutine level.
Top-dawn design was utilized and iterative enhqncement of subroutines was
employed during development, using structured code, baseline diagrams, and a
POL. Top-down testing and structure and specification-driven testing were
used in validating the system, and code reading and walk-throughs were used
during software inspection. The personnel were organized into a team
consisting of one chief programmer, one librarian, and four other programers
in addition to four managers.

Data on Project 26 is relatively complete for each category of data.
Note that the number of changes recorded under General Project Information
(191) from the estimated statistics file is inconsistent with the number
of changes recorded under History of Changes (1323) from the project history

file.
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GENERAL PROJECT [NFORMATION
PROJECT : 26

SIZE

OELIVERED LINES OF SQURCE CODE
NEM LINES OF SOURCE CODE

NASA ESTIMATE OF WORDS OF OBJECT CODE
NASA ESTIMATE OF NEW OBJECT COODE

NUMBER OF COMPONENTS
NUMBER OF MOOWES
NUMBER OF NEW MODULES

AVERAGE COMPONENT SIZE (COMMEMTED SOURCE)

MINIMUM COMPONENT SIZE (COMMENTED SOURCE)

MAX IMUM COMPONENT SIZE (COMMENTED SQURCE)
SEVELOPMENT

MONTHS QF JEVELOPMENT TIME
MANMONTHS OF JEVELOPMENT SFFORT

NUMBER OF COMPUTER UNS
SYSTEM 360-35 AQURS
SYSTEM 16075 HOURS
P0P L1170 HOURS

NUMBER OF CHANGES
VUMBER JF CHANGE REPORTS

FIGURE 2.26-1
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SROJECT: 26
CISTRIBUTION OF QEVELOPMENT EFFORT BY TASK (MAMMOURS)
#QURS THAT THIS OISTRIBUTION !S SASED ON: 12072.7

DESIGN: CREATE

172 JESIGN; WEVIEA 12

“ISTING,
INTESRATION

x4

TI3TING: EVITA

~
TEVELIPMENT, JEAD 1%
TISTING. “O0DULZ 53
NOTY THAT =SS TIAN (T IP TER JWTILOPWENT ITTORT JAS
SPTIT N RWADING TIE JESICY AND EYTINTNG DEVILOPMENT
FIGURE 2.26-9
JISTRIBUTION: oF PURPOSES “OR CCMPYTER UNS JISTRIBUTTION OF RESULTS OF CMPUTER NS
TATAL UNRS REPQRTED: 2321 TOTAL RUNS WPORTED: 2321
IUN YRPOSES THAT THIS JISTRIBUTICM S 3ASED M: 2432 WN IESULTS THAT THIS JISTRIBUTION (S 3ASEJ IN: 3l

JENCHMARK TEST ¢

USER SENERATZED
“ESSAGE 2%

TIMPILI, ASSEMBL SLINK “ALNTINANCE UTTLITY

e

0z 0%

SAN D ZIMPLZTION
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TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 26: 413

JISTRIBUTION 2F ZRRORS 3Y TYPE

JISTRIBUTION OF CHANGES 3Y TYPE CHANGE AEPORTS THAT THIS OISTRIBUTICN S 3ASED N: 219
CHANGE REPORTS THAT THIS DISTR aN: 08
T THIS QISTRIBUTION IS 3ASES ON SUNCTTONAL SPECIFICATTONS INCORREST
OR MISINTERPRETED 2%
NTERPRE

ESIGN ZRROR, .NVOL/ING
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%

TLERICAL ZARROR
22

o
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R
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MEDICTTIE THANGES

7/
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e -

MISUNDERSTANDING JF
SXTERNAL INVIACNMENT (2

SIGURE 2.25-3
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DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPORTS THAT THIS DISTRIBUTION IS BASED ON: 204
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2

|
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CESIGN
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CODING AND TEST
66%

FIGURE 2.25-13
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2.32 Project 32

Project 32 is a FORTRAN program developed to function as a development
and maintenance tool. The development and target computer system for this
project was a PDP 11/70. The specifications for this project were in English
text at all levels of detail. Top-down design, iterative enhancement and
"hardest first" methodologies were used in the design of this project
while baseline diagrams were used to specify the design. Too~down and
specification-driven testing and code reading and walk-throughs were used in
inspection and validation of the project. In addition to a manager, the
nersonnel included one task leader and one programmer analyst. Yery little

data has been recorded on Project 32.

2.33 Project 33

Project 33 is a FORTRAN program developed to coliect and format
information for radio transmission. The project was developed on a PCP 11/70
byt designed to cperate on an [BM 360. Both functional and English
specifications were used at the system level. The systeam was
1esigned Dy itarative enhancement of modules and deveioped dv the same
technique. 3asaline diagrams were used in the design of moduies. Structurag
cocdinag technicues were also employed. Modules were inspected by cocde reading
ind specification-driven testing was used in the verification,validaticn o7
the system. The perscnnel were organized into 3 %=am consistinc of 2 manacer
and two programmers. Only component information data ‘s is available for

this project.

2.34 Project 34

Mo data is recorded for Project 34.




2.35 Project 35

Project 35 is a FORTRAN program developed to extract data from an input
file and write it to an output file for processing. The development computer
systems were the IBM 360 and the PDP 11/70, but the system was designed to
operate on the IBM 360. Procedural specifications were utilized at the
system level to specify the design of the software. Top-down design in the
form of baseline diagrams and top-down development using a POL, were other
techniques employed. Specification-driven testing was used to test the
srogram, and code was inspected by walk-throughs and code reading. The twc
orogrammers assigned to the project were subordinate to one supervisor.

Data on Project 35 is relatively complete in each category of

information. However, no history data was recorded for this project.




SENERAL PROJECT INFORMATION

PROJECT : 35

3923

CELIVERED LINES OF SOURCE CODE 126

NEW LINES OF SOURCE CODE 5354

NASA ESTIMATE OF WORDS OF QBJECT CCOE 28466

NASA ESTIMATE OF NEW GBJECT CODE 15528

NUMBER QF COMPONENTS 01

HUMBER OF MOOULES 7

NUMBER OF NEM MODULES 14

AVERAGE COMPONENT SIZE (COMMENTED SQURCE) z

“TNIMUM COMPONENT SIZE !COMMENTED SQURCE) 2

MAX IMUM COMPONENT SIZS (COMMENTED IQURCE) 06
SEVELOPMENT .

“ONTHS CF SEVELOPMENT TIME 3.3

VANMONTHS JF JEVELOPMENT ISFORT N

NUMBER JF COMRUTER UNS
ISTEM 16035 +QURS
SYSTEM 260-75 JOURS
0P L1-70 40URS

HUMBER IF CHANGES
HUMBER JF CHANGE 3EPORTS 103

FIGORE 2.35-1

PR0JECT 35
ACTUAL ZEVELCPMENT SCHEDULE 3Y SWASES

JESIGN
A
- IONE IND ST

Tt
T YSTEM TV
- JCCIPTANCE TIST
_
- ILEanup

————

—

|
|

1978
- FIGURE 2.35-2
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No data recorded for

History of Documented Source Code Production
History of Module Development
History of Changes
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PROJECT: IS
DISTRIBUTION OF OEVELOPMENT EFFORT 3Y TASK (MANHOURS)
HOURS THAT THIS OISTRIBUTION S SASED ON: 2093.7 .
j

OESIGN; CREATE

£34)

DESIGN; READ 1%
JESIGN; EVIEM 22

M e i

-~ —
ry

TESTING IEVIEW
TESTING; WTEGRATION ' f "DEVELOPMENT; REVIEW 2%
i TESTING; MOOULE %

FIGURE 2.35-5

[ O——
. s

JISTRIBUTION OF PURPOSES FOR COMPUTER RUNS JISTRIBUTION OF RESULTS OF COMPUTZR IUNS
TOTAL RUNS EPORTED: 7 TOTAL UNS EPORTED: w
UN MRPOSES THAT THIS JISTRISUTION (S 3ASZD 2¥: 128 AN AESULTS THAT THIS QISTRIBUTION IS 3ASED ON: <

OTHER 4%

JENCHMARK TEST

P

TIMPTLE/ASSEMALY/LINK
bi-1 4
9% CAINTINANCE UTTLITY

132

FIGURE 2.35-7 F1GURE 2.35-3
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TOTAL NUMBER OF CHANGE REPORTS FOR PROJECT 35: 103

OISTRIBUTION OF SRRORS 3Y TYPE
e, TY!
QISTRIBUTION GF THANGES 81 TYPe CHANGE REPORTS THAT THIS OISTRIBUTION [S 3ASED ON: 7
CHANGE AEPORTS THAT THIS OISTRIBYTION [S 3ASED ON:

REQUIREMENTS [NCORRECT, JR MISINTERPRETED 1%
TUNCTIONAL SPECIFICATIONS
INCORRECT OR NISINTERPRETED
%

CESIGN ZRROR, INVOLYIN
STYERAL JMPONENTS 3%

o S AL~ v

o

17 j2-74
- WISUNOERSTANDING 3F ve
SXTEINAL ZNVIRONMENT -2

ZAROR IN THE 2ESIGH IR MPLEMENTATION OF :
SCMPONENT 322

C e s vy .

AQAPTIVE THANGES
ki1 4

-~

FIGURE 2.33-10

SISTRIBUTION OF EFFORT "0 ISOLATE ZRRORS JISTRISUTION OF SFFORT EOUIRED TN WSOLIE HANGES
CHANGE IEPORTS THAT THIS JISTRIBUTION S 3ASED ON: 37 CHANGE REPORTS THAT THMIS JISTRISUTTON IS 2ASED N: .03 i

YORE THAN

INE 40UR 7D INE CAY

22e

. 0UR IR LZI3S
el §
JINE «Jug 3R LESS |
9% L 40UR TD @ Ay
4%
FIGURE 2.35-11 STSURE 2.35-12 I
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DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGE REPGRTS THAT THIS DISTRIBUTION IS BASED ON: 35

OESIGN
31%

CODING AND TEST
69%

FIGURE 2.35-13
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2.39 Project 39
There is little information available concerning the development of

Project 39 other than the computer used was an IBM 360.
Data has been recorded in all categorie~ except the project's source

code and module development and change histories.
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GENERAL PROJECT [NFORMATION

PROJECT : 39
SIZE
OELIVERED LINES OF SOURCE COOE 10172
NEW LINES OF SOURCE COOE 9627
NASA ESTIMATE OF WORDS GF OBJECT COOE 29499
NASA ESTIMATE OF NEW OBJECT CODE 7918
NUMBER OF COMPONENTS 74
NUMBER OF MOOULES 58
NUMBER QF NEW MODULES 4§

AVERAGE COMPONENT SIZE (COMMENTED SOURCE)
MINIMUM COMPONENT SIZE (COMMENTED SOURCE)
MAX IMISW COMPOMENT SIZE (COMMENTED SOURCE)

CEVELOPMENT
MONTHS OF OQEYELOPMENT TTME 8.3
MANMONTHS OF OEVELOPMENT EFFORT i6

NUMBER OF COMPUTER RUNS
SYSTEM 160-95 HOURS
SYSTEM 160-75 HOURS
0P L1-70 HOURS

HUMBER OF CHANGES
NUMBER OF CHANGE REPORTS 7

FIGURE 2.39-1

ROJELT 39
ACTUAL OEVELOPMENT SCHEDULE 3Y 2MASES

ZESIGN

CODE AND “EST
SYSTM “IST '
L
CCEPTANCE TEST
Ssawp

A

"y v Y sov
1978 1979

FIRURE 2.39-2
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No Data recorded for

History of Documented Source Code Production
History of Module Development
History of Changes




PROJECT 33
JISTRIBUTTION QF QEVELOPMENT EFFORT 3Y TASK (MANHOURS)
HOURS THAT THIS DISTRISUTION [S BASED ON: 1281.3

QESIGN; CREATE 31%

QTHER 352

NDESIGN:
€AD 2%
CESIGN:

TSTING: EVITH 12
37ING; 3EV1zd W IE 2%

<STING; . -
INTZZRATICON 29 SEIELOPUENT: S0E

TISTUNG: wOguLs ¢ N
SEVELIPMENT; -
EAD 2%

OISTRIBUTION OF RESULTS JF COMPUTER RUNS
b g

,JISTRIBUTION JF PURPOSES OR COMPYTER WNS
“OTAL IUNS EPORTED: 39 “OTAL WUNS EPORTED:
IUN JURPOSES THAT THIS JISTRIBUTION (S 3ASED IN: 34 AN RESULTS THAT THIS JISTRISUTION IS JASED ON:

UNIT TIST U3
JENCAMARK “EST

.-

JESUG N 3%
—

JAINTEMANCE “EST 0%

AN 7D IMPLETICN
0%

SIMPILZ/ASI48LY /L INK
82

e

FIGURE 2.3%-7 “TGURE 2.329-3

149
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TOTAL NUMBER OF CHANGE REPORTS FOR PRCJECT 39.

OISTRIBUTION OF CHANGES 3Y TYPE
CIANGE REPORTS THAT THIS JISTRIBUTION (S 2ASED N:

ZORRECTIVE CHANGES

L4

SERFTITIVE IHANGES

.~
-iq

FIGURE 2.39-3

Ly
o

JISTRISUTION JF ZFFORT T0 [SOLATE ZRRORS
THANGE REPORTI THAT THIS JISTRIBUTION S 3ASED da:

“ORE THAN INE 2AY

3% INE <OUR R LESS
123

INE 40UR TO INE JAY
29%

SIGURE 2.39-11

15
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SISTRIBUTION JF ZRRCRS 3Y TYPE
CHANGE REPORTS THAT THIS JISTRIBUTION [S BASED ON:

, FUNCTIONAL SPECIFTCATIONS

{NCCRRECT 2R

// SESI3H ZRROR,

rd

[|ROR N THE 3ESigN A
MPLEMENTATION 3F -
STPONENT 22y

IXROR N UST JF 2QCGRAMMING
LANGUAGE/CCMPILE Li%

/,

“IGYRE 2.33-i0

SISTRI3UTICH OF ZFFORT ETUIRED "7 IESOLVE THANGES
THANGZ IEPORTS THAT THIS JISTRIUTION IS 2ASZ) N: (S

MORE THAN 3 ZAYS

L =QUR 2R .333

ae 3

L HUR 7Y

0%

1 3AY 0 3

3

MISINTERPRETED .12

INVOLYING
SEVERAL CTMPONENTS 113




DISTRIBUTION OF WHEN ERRORS ENTERED THE SYSTEM BY PHASE
CHANGEZ REPORTS THAT THIS DISTRIBUTION IS BASED ON: 7 .

DESIGN
13
CODING AND TEST 3

57%

| FIGURE 2.39-13
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x 3. CROSS PROJECT SUMMARIES

This section consists of a set of three tables (3.1-1, 3.2-1, and
3.3-1) of summary data which summarize the three major categories of data
available across all projects. These data categories are:

¢ Project Development Data

¢ Change Error Data

e Development Methodology Data

Each of these major data categories has been further subdivided into
subcategories representing phasing and scheduling data; human and machine

; resources; project size, composition and development history; run purposes

and outcomes; and finally, the distribution of when errors were introduced

into the software, as well as the effort required for correction,
Unfortunately, data results are incomplete for a number of pr.,acts.

This is because some projects were already well under development when the

data collection process was initiated. lData is missing, most notably, in the

ccmputar run analysis area and the error analysis area.

3.1 Project History and Development Data

The number of projects for which data is available for each subcategory

is as follows:

I. Project Size 19
Ii. Development Time 18
Jevelopment £ffort 8

II1. Development Time by Phase/Development Effort by Phase

Design 24/22

Code and Test 23/21

System Test 22/20

Acceptance Test 21/0
3-1

.




Cleanup 18/0
IV. Computer Resource Expenditures 14
This data is summarized in Table 3.l1-1.

3.2 Change Report Data

Data is relatively complete for 10 of the projects.
The number of projects for which data is available for each subcategory

is as follows:

I. Number of Change Reports 21
II. Distribution of Changes by Phase 10
IIT. Distribution of Why Changes Made i3
1IV. Distribution of When Error Entered 18
Y. Distribution of Effort to Resolve Change 20

This data is summarized in Table 3.2-1.

3.3 Development Methodology Data

Data is relatively complete for 21 projects. Software development
constraints, as well as the Modern Programming Practices, technigues and
tools utilized during the development of the NASA software, are listed in
the foliowing key to Table 3.3-1.

Table 3.3-1 contains a summary of these special environmental factors

by nroject.
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1.

w
.

14,

15.

KEY TO SPECIAL ENVIRONMENTAL FACTORS
WHICH INFLUENCED PROJECT DEVELOPMENT

A special display requiring new or complex support software, acted as a
constraint on development. Y = Yes, N = No

A detailed definition of operational requirements aided project development.
Y = Yes, N = No

The existence of changes made to the operational requirements during develop-
ment constrained to some degree the development of the project.

N = Mo constraint, 1 = Very little constraint,

5 represents a large constraint

The project was designed for real-time operation. Y = Yes, N = No

The project was developed with a constraint on the program processor
memory size. N = No constraint, 1 = VYery little constraint,
3 represents a large constraint

The oroject was developed with a constraint on the operation time of the
project. N = No constraint, 1 = VYery little constraint,
5 represents a large constraint

The project was the first software developed for a particular computer
or operating system. Y = Yes, N = No

The project was developed concurrently with ADP harcdware necassary for the
operation of the software. Y = Yes, N = No.

The system usad in development was: Time-Sharing = 7 or Batch = 8.

The development of the oroject was constirained by situation of develooers
having to use a system other than their own. Y = Yes, N = No

Tne project development took place at the operational site. Y = Yes, N = No
The development and target computers were different. Y = Yes, N = No

The development of the project took place at multiple sites.
/= Yes, N = No

The programmer's Tevel of access to the computer dialog development.
1 = VYery limited access, 5 = Unlimited access

Form of specifications.

A. Functional
B. Procedural
C. English

D. Formal

3-6
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16. Design techniques.

i
A. Top-down 0. Hardest first 4
B. Bottom-up E. Other used ;
C. Iterative enhancement F. None used

17. Development techniques. .
A. Top-down D. Hardest first '

; B. Bottom-up . E. Other used
C. Iterative enhancement F. None used

18. Coding techniques.

A, Simulated construct
B. Structured code

C. Other construct
0. Nane Used

*1 b S o

19. Testing techniques.

A. Top-down (stubs) 0. Structure driven
B. Bottom-up (drivers) E. Other used
C. Specification driven F. None used
20. Inspection techniques. .}
A. Code reading
8. Walk-through i
C. Other used ;
D. None used
21. and 22. Design and development formalisms.
A. POL D. Baseline Diagrams
8. HIPO E. Other
C. Flowcharts F. None
3.7
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APPENDIX A

Glossary of Terms

This appendix contains definitions of the terms used in describinag
the NASA/SEL software engineerina database. [t has been comoiled from

references (1) and (2).

The major objective in providing this glossary is to

promote consistency in terminology usage among researchers in software

engineering.

Phasing and Scheduling:

Jesign:

System Test:

Acceptance Test:

Cleanun

Resource £xpenditures:

Design Phase:

Development Phase:

A1l of the activities that include an evaluation
of a oroject's reguirements, dividing those
requirements into specified sets o7 goals, and
making assignments to complete each set of acoals.

A description of how software will te oroducac
to satisfy the project's specificaticns.

The process of trying to find discrepancies
between the system and the original objectives.

The testing of the softwarse in the presence of the
user to determine if it meets predetermined user
requirements.

-4,

The preparation of system tapes, formatiing o
test results, completing documentaticn, etz.
that occurs after accertance fasting, Mo
testing normally occurs durina cleanup.

The value of the resourcss consumed in the com-
pletion of a project. Those resources inciuce
human resources and machine resources. Human
resources mav be divided into three citeaqories:
management, drogrammers, and clerical. “achine
resources include the ccmputer <ime used.

The creation and recordina of the desian, including
discussion about strateay with peers and the
creation of specifications for subcomoonents of

the current component. This phase also includes

a review of decisions made durina creation and
recording of the design.

The development and recording of code and in-line
comment based on the design. This phase includes
the modification of code caused by design chanqges,
errors found in testing, and a review of the work
done in this phase.
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Testing Phase:

Module:

Line of Code:

Unit Test:

Maintenance:

Jtilities:

Ccmpile:

Assemble:

Link:

Cebucging:

3enchmark:

Successful Run:

The design of tests, testing strategies, and
the running of such tests, for each module and the
integration of the modules into the project.

A program unit that is discrete with respect to
compiling, characterized by lexical binding,
identifiable proper boundaries, named access and
named reference. The word module may apply to a
subprogram, program, subroutine, routine,
function or macro.

Seventy-two character card image of source ccde
including comments.

Testing of a program segment or set of instructions
treated logically as a whole.

The process of modifying existing operational
software while Teaving it's primary function intact,
including detecticn and correction of errors

and the incorporation of modifications to add
capabilities and/or improve performance.

Computer programs which provide special services,
such as preparing program deck listings, moving
files, creating load tapes and plotting output
results.

To translate a computer program expressed in a
problem-oriented language into a computer-
oriented language.

To translate a set of some language statements,
uysually the computers machine lanquage, into the
computar's machine code.

To establish correspondencaes within a set of
code segments which satisfy references between
segments.

The process of determining whether or not srrors
exist, attempting to isolate the source of a
prcbiem and finding a scliution.

A standardized computer program used to test the
processing power of different computers. Input

data, computations to be performed, and the out-
put formats are specified very rigidly.

A program executicn which runs to compietion and
produces the output expected.
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Submit Error:

JCL Error:

Compile Error:

Setup Error:
Harcware crror:

Software crror:

Link Error:

Zxecution Error:
3 :
; Jsar Message Error:
§
;

Requirament Cefinition:

Functional Specifications:

Cnange Effort:

Occurs when program block, or complex set of
code is improperly executed because of misunder-
standing involved in the directions for
execution.

An error occuring during the use of the Job

Control lanquage or misuse of a procedural
operator.

An error resulting from a misunderstanding of how
the compiler cperates or an error resulting from
the translation of a high order language to a
machine based language.

Error resulting from improper ordering of cards,
modules or program blocks in a job deck, or in use
of an editor.

Error resulting from the breakdcwn or mal€unction-
ing of the pnysical compenent or circuitry in the
computer.

A discrepancy between a ccmputad, observed or
measured quantity and its true specitied, or
theoretically correct vaiue, caused by deficiencies
or misinterpretations of design criteria, iogical
mistakes, or syntatical mistakes.

Srror resulting frcm the linking of code segments
usually involving transfer of control, label
definition and location, or absence of a referenced
ccde segment.

Srrer caused by improperuse of an algorithm, or
improper algorithm for data supolied. Program
usually terminates tut output is inaccurate.

Jccurs when a run is terminated by the user, or
programmer when an error is discovered in
execution.

A statement of wnat the user axpects the sys:tam
to include among its capabilities.

A set of functions defining the cutput for any
input, emphasizing what the program is to do,
rather than how to do it.

Time involved in a modification to desicn, coce or
documentation, to correct an error, imprcve system
performance, add a capability, or implement a
requirements change.
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Design Create Phase:

Cesign Read Phase:

Design Review Phase:

Development Code Phase:

Oevelopment Read Phase:

Jevelopment Review Phase:

Test Module Phase:

Test integration Phase:
est Review Phase:

Jataset:

Qatabase:

Writing of component design.

Reading of design by peer to look for errors.

Formal meeting of several individuals for purpose
of explaining design. (management review)

Writing executable instructions and desk
checking program.

Code reading by peer, similar to Design Read.

Management review of coded components, similar
to Design Review.

Module testing - test run with test data on
single module.

Integration testing of several components.
Management review of testing status.

Oenotes a collection of data from a source (e.g.,
a software development project).

Denotes a c¢collection of datasets compiied for s
analysis purposes (e.g., software meliapility
analysis). ae”
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